mistakes in the assembly. All five looked much the same to an operator. So how could the designer ensure that a part would not be mounted in the wrong place? The solution was to use a distinctive mounting footprint for each. It was then impossible for an operator not to mount the part in the right place. This action absolutely precluded a wrong-part defect and cost almost nothing. WHAT PRICE QUALITY? Most people can see that a product manufactured with the fewest possible defects per unit will boast high quality at low cost. But they believe that to design a product for that quality level will be very expensive.
Experience has proven this belief to be false. When a project is managed to achieve the targeted TDU at first production, and the goal is taken into account at the outset, then design alternatives can be selected very early in the project at minimal cost. Designing the product, and then waiting until the pilot run to find out the quality, as in the old method, is what drives up the costs.
It is also true that the ability to make revolutionary improvements is only practicable when the design is still on paper. Once a product goes into production, improvements become evolutionary. alizing that something has to be done. The initial reaction was to throw up trade barriers. S i c e this did not succeed, organizations are turning inward. This time such slogans as "zero defects"
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and "do it right the first time" will not work. Nor will the seemingly logical systematic approaches: when one's competitor is in nonstop pursuit of improvement, an occasional improvement in something that isn't working hanagement by exception) or improvement efforts that are spread too thin (management by objectives) simply cannot keep up.
So what must management do? The answer has become Total Quality Management (TQM). Interest in TQM began to gain momentum in the West when NBC aired a white paper documentary in 1980.
This broadcast featured an American named W. Edwards Deming. His now famous "fourteen points for management," when followed, appear to move organizations toward prosperity.
The goal of TQM is to create a system of management procedures that focuses on customer satisfaction and transforms the corporate culture so as to guarantee continual improvement. Simply stated: Total Quality Management is an interlocking arrangement of procedures and practices that ensures that all employees in every department are adequately trained and directed to continuously implement aligned improvements in quality, service, and total cost such that customer expectations are met or exceeded.
TQM focuses on three critical elements: customer expectations, full participation, and continuous improvement.
Every operation in a company has to be on the customers' behalf, or it is wasted effort. Robert Allen, chairman and chief executive officer of AT&T Co., has stated that his vision for the 1990s is the customer saying, "That's a company really interested Defining terms crc;alt m: a subsystem, or functional part of a system, consisting of a bare printed-wiring board and assembled components, sometimes referred to as circuit card or printed wiring board. cwhRotu : a system in which individuals in an organization seek ways to do things better, usually based on control of variation. External customer: the ultimate user of a product or service; usually the person who pays for the product or service. FtwlRaw a person who coaches the team on process. The primary focus is on the leader to make sure that everyone gets an input. h m m l emst" the person(s) working next in the process. magment by exwutbn: a strategy whereby the manager focuses his or her attention on malfunctioning methods and procedures; it allows total concentration in trouble areas. mmmne~ by oblsdlres: a methodology constructed around the idea that an organization's top executives set its direction by generating objectives for the next lower level in the hierarchy. This process is repeated down through all levels of the organization. ovtlllr pkll~hlo Mablx (QP~): a document that contains a list of the policy for the plan year it is distributed to all employees at all levels in the organization, so that they can align their efforts better. pelky dsplsyment: translation of Japanese of hoshin kanri (planning). It orchestrates continuous improvement in a way that fosters individual initiative consistent with the goals of the corporation. Staadardlzatlen: the system of documenting and updating procedures to ensure that all process workers are clear about what is expected of them, 8Utlstlcal Precess Ceatrol [SPC): the use of knowledge and insights based on statistics to maintain and improve processes.
While the analysis so far provides insights into three key aspects of TQM, it fails to convey the power of the approach because it does not consider the interactions of the components. Any system of components, whether an automobile, a rocket ship, or a management system, is characterized not by its parts but by its overall performance-the result of the interaction of the functional components. But given the goal of satisfymg the customer in a world market that is in a high state of flux, the interactions are dynamic and the measurements are ever changing. ENACTING THE DEFINITION. In the United States, the criteria of the Malcolm Baldrige National Quality Award (MBNQA) provide a framework for understanding the interactions among the vital components of TQM, as well as a systematic way of measuring the intrinsic quality of an organization. The criteria require that the external focus as well as internal quality measures are based on customer satisfaction. Others are that the systems for delivering products and services as well as human resource systems be dynamically geared to customer satisfaction, and that there be evidence that improvement is systematic and ongoing.
In this environment of interaction and teamwork, "no man is an island." This departs a long way from the philosophy advocated by Frederick W. Taylor at the start of this century. Taylor taught that procedures could be improved by specialists telling the worker what to do and how. This '%heck your brains at the door" approach suited an era when the labor force was fresh off the farm; but it has remained intact for most of the 20th century. Thus, the engineer is seen as a specialist, expert in carrying out analyses and computer simulations and in making recommendations to the operations boss whose job it is to implement and enforce the new procedures and processes. In the TQM environment, however, the engineer becomes an equal among peers on the improvement teams. Often this means teaching others how to collect and analyze data. He or she may have to learn team skills. The technical person has to sharpen the ability to listen and to make presentations, thus facilitating communications within and outside of the team. The boss, who once was the fountain of knowledge, finds himself facilitating so-
Part of a quality planning matrix
Enhancing quality I t Beta sites refers lutions, not giving solutions. He has become service oriented. He is seen as coach and helper, not as a baby-sitter.
The transition is not made without considerable education and training, especially of the more established individuals. Often, progress that starts out in the classroom must be reinforced at the work place with on-the-job coaching. THE CHALLENGE. The TQM culture is dominated by an intense and systematic approach to communications. Every stakeholder--employee, customer, manager, and owner-has to confer with every other stake-holder. In this process, called policy deployment, one tool is the quality policyplanning matrix. This document contains a highly focused set of generic improvements that covers all the areas targeted for upgrading in the plan year. It lists fundamental improvement projects complete with measures of progress, targeted completion dates, and goals. The matrix is formed by top management in the light of inputs from throughout the organization. These inputs ensure that the plans are reasonable and logical. Customer expectations derived from surveys, customer relations, and other sources are also vital inputs.
Once the matrix is complete and approved, it is sent to all the teams. It shows everyone the organization's direction and the improvement projects planned for the upcoming year, and it provides teams with the means to align their efforts at improvement with business directions.
The employees in a total quality environment can best be described as empowered. The challenge is how to empower another individual or group. Empowerment is very personal. One person will take on responsibility under the worst circumstances, while another will fail to act under extremely supportive conditions. Management's role is to provide an encouraging atmosphere. This means making it all right to fail. Increased participation and responsibility can be encouraged through education and training. Often the development of a new skill or insight will persuade someone to become active in a team.
Teamwork is the outstanding characteristic of the quality improvement efforts. The quality improvement team (QIT) may be a "functional" team focusing on the processes indigenous to one segment (functional area) of the business. Alternatively, it may be cross functional and consist of members from several functional areas. For example, employees from the personnel and the engineering departments might team up to smoothe the movement of personnel between departments.
More usually, this type of team is appointed by management t o solve a problem too complex for a group from a single area.
Teamwork calls for a significant increase in employee empowerment. Can the middle manager survive and thrive in this world? The answer is a qualified yes, but the job is different from the autocratic role of the past. The modem middle manager is a team player, very visible to and approachable by the people that he or she leads.
STAGES OF GROWTH.
Because it is a fundamental shift of business philosophy, a company's transformation to TQM must begin at the top. Often, a chief executive officer gets the idea from a fellow executive, rather than from a middle manager. But once convinced, the chief must take charge of convincing other top managers of the benefits of the new approach. Relegating this job to another would give the appearance of only another flavor-of-themonth management fad.
As the transformation proceeds, the leadership reforms itself into a team and begins to plan and promote the changes. A Quality Champion-ne who understands in depth the nature of process variation and can m e tivate people to change-is the best person to convince managers and employees of the merits of the required changes.
Before employee teams are formed, managers must gain skills in process improvement and team building and employees must be educated in the new methods. Then the teams can begin to improve their processes.
Initially, the leadership needs to focus the teams' activities on areas where process improvements will be most likely to visibly impact the business. This gives them the pleasure of seeing the fruits of their efforts before thev are asked to work on harder key proprocesses Even before the official announcement, many management personnel attended Deming's four-day seminar, some as early as 1981. Quality training for everyone is still a high-priority activity. TQM is literally a "race without a finish line." TWO CASE STUDIES. An improvement effort at AT&T's Transmission Systems factory in North Andover, MA, illustrates how TQM comes together as a system. The team that carried out the study consisted of members from engineering, production associates, supervisors, and a facilitator. This was a "functional team."
Bent backplane pins [see photo1 seem always to have plagued engineers. In the summer of 1991 an effort was begun to row, key processes (in this case a manufacstudy and rectify this situation. It lasted 17 ~ turing process) are identified and goals for months, endmg in November 1992.
A backplane is a large, multilayer printedThe team focused on two major ofwiring board that serves to interconnect ~ fenders, products A and B. This is called circuit packs (or circuit cards) that are the stratlfylng the data; the intent is to optimize functional subsystems of the larger trans-the return on effort. For the purposes of mission system. During its fabrication, pins I this discussion, the bent pin defect rate per are inserted through holes that are located backplane is indexed to one [see figure, on 0.25-cm or 0.32-cm centers. If the pins , p. 501. These products accounted for 53 are not inserted straight and do not remain 1 percent of the total bent pin defects in all straight throughout the manufacturing products assembled by this shop. The process, they may cause failures during team's goal was to halve the occurrence of systems tests and difficulties in inserting 1 this type of defect on these two backplanes.
circuit packs into the system. Even though After brainstorming many causes of bent the ultimate user of the system is shielded pins, they identified a few of the worst. The from this problem by final inspections and 1 team collected more data to venfy their sussystem checkouts, it is a source of delays picions, consulting both process data and and extra cost.
1 the opinions of users of the assembled backAt the outset, bent pins constituted 20 planes. The analysis narrowed the areas of percent of the defects found by inspectors concern to the first assembly operations and and production associates in the process se-~ the assembly of retainers. quence following panel assembly. The team Armed with this data, the team was ready therefore decided to target this problem. A to pinpoint root causes and develop counrow of the Quality Planning Matrix [see termeasures. Four root causes were identable, p. 481 relates the team's activity back tified. First, pins were becoming bent during to one of the fundamental objectives of the assembly because there was no fixture to corporation: Enhancing Quality. Within this hold the backplane. Prior to their being ~ improvement are set.
Bellefeuille-Total Quality Management mounted to the shelf frame, the pins are vulnerable to damage. The team also noted that once the backplane assembly was complete and ready to be mounted onto the shelf frame, it was placed on a storage and transportation truck. Pins sometimes became bent because they hit the truck. The team's countermeasure for both of these root causes was to design a holding fixture that could be used on all backplanes during assembly operations as well a s during storage and transportation.
A third root cause of bent pins was that they occasionally got bumped a s the backplane was placed on the shelf frame. The team thought of two ways to fix this. One way was to design a mounting fixture to guide the backplane into place. Another approach was for two people to place the backplane onto the frame. The latter proved to be the more practical, so the fixture idea was abandoned. Another root cause was traced to a frame alignment arrangement that allowed the frame and the backplane to become misaligned during assembly. Pins suffered damage when temporary alignment ties were removed at the final assembly operation. The addition of a stiffener plate to the frame assembly prior to mounting the backplane eliminated this problem.
The actions required to implement the countermeasures were shared equally by engineers, supervisors, and production personnel.
The resulting 90 percent improvement in product A and 25 percent improvement in product B impacted the performance of all products in two ways: the average number of defects was shifted downward and the Defect rate due to bent pins Defect rates due to bent pins were reduced by two-thirds in two products after a quality improvement team identified the root causes and implemented countermeasures.
improvement spilled over to other backplanes. The upshot was a threefold reduction in bent pin defects overall [see figure, below]. The team chose to maintain its gains through some standardizing process steps. In other words, they trained personnel and instituted the use of visual aids and supplemental documentation. Mer considering the largest contributing defect and inputs from their internal customers, the team decided that even though some bent pin defects r e mained in their inspection results, their next study would best be focused elsewhere.
To summarize, the team went through a typical PDCA cycle. First they gathered preliminary data and made an analysis of the root causes. Then they implemented countermeasures. Next, they monitored the results to make sure that they improved performance. Lastly, they standardized their process steps and decided whether or not they wanted to continue their efforts on this or some other problem. DUTCH STUDY. TQM is not just American. It was first practiced in Japan, where it is called Total Quality Control. Continuous improvement aimed at customer satisfaction is now a global phenomenon. This next case comes from Europe.
The study involves the improvement of the functional circuit-pack test yields at AT&T Network Systems International's factory in Huizen, the Netherlands. This team nearly halved the defect rate.
Forty-eight percent of the faults were attributable to soldering problems during the baseline period of April through September 1991. The team set a target to reduce such faults from 48 percent to 10 percent.
The team members chose to investigate causes of defects related to each component on the circuit pack. They began their analysis with a brainstorming session that identified several possibilities, and then focused their efforts on five types. Their investigations led them to the root causes.
One root cause was a component placed in the feed tube incorrectly by the supplier. The team decided that the countermeasure was to prescribe the correct placement of the component to the supplier. In practice, they had the purchasing department contact the supplier and prescribe the packaging in the ordering specification. This example shows how a problem is related to its root causek) and then to a practical method of solution.
The team eliminated faults caused by two components. Two more were reduced by factors of 10 and 9, respectively. The defects attributed to soldering were reduced from 48 percent to 33 percent. As stated at the outset, the overall defect level was reduced by nearly 50 percent. The team has concluded its work on this problem for now. MORE THAN A QUICK FIX. There are those who see TQM as just another management gimmick that will soon fade into the past. But others say, "Let us not be too quick to judge this approach." One of the supporters is Richard S. Wellins, senior vice president of ~ Development Dimensions International Inc. in Pittsburgh. He has said that TQM is still an emerging business strategy and that it does improve organizational performance. But he has also said that there exists a significant gap between successful TQM implementation plans and execution.
There are three emerging areas that will improve both TQM plans and execution. The first is innovation, not limited to products, but emphasizing process innovations and breakthroughs. Second, companies have t o understand t h e entire market, not just their current customers. Through surveys, focus groups, and trade shows, they must garner ideas about what customers and potential customers are thinking and turn them into concrete product service offerings and opportunities for user feedback. Such prototypes become the forerunners of next-generation offerings. One technique for doing this is quality function deployment, a method for determining which features add to customer satisfaction and prioritizing them, then ensuring that they are worked into the design of the product or service.
The third focus is the development or adoption of a disciplined and uniform problem-solving process across the corporation. Such a process allows the team to handle the problem without reinventing the process every time; it also helps a person from outside the team to get quickly up to speed on the status of the solution.
Total Quality Management provides a context in which employees can improve themselves and their companies. At AT&T the pursuit of continuous improvement aimed at customer satisfaction is corporate strategy, and already two business units have won the Malcolm Baldrige Award. Many other electrotechnology firms have joined in this unending race toward excellence, namely, Texas Instruments, Solectron, IBM, and Motorola, all of which have already won.
Employees and managers of companies that apply TQM know that it is more than a collection of procedures and theoriesrather, it is a daily struggle to develop and apply better and better methods.
Implementing this approach requires a commitment from the whole organization to focus on the market place, because information garnered there drives improvements in products, services, and production. Clearly this commitment has to emanate from the top executives. 
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